The housing market plays a crucial role in every economy. Its importance is determined not only by the size of the housing sector but also by the number of socio-economic functions of residential properties. Just as any other market or economy in general, the housing sector develops cyclically. Housing cycles were traditionally considered to be driven by domestic factors. However economic integration among the countries of the European Union has fostered a general tendency towards synchronisation of national housing cycles. The aim of the research was to identify the properties of housing cycles in selected European countries as well as to verify the degree of their synchronisation. The study covered residential markets in Belgium, France, Holland, Germany, Great Britain, and Italy in the years 1971-2014. The Christiano-Fitzgerald filter was used to isolate price cycles, while correlation coefficients and the concordance index were used to assess synchronisation. The obtained results confirmed the occurrence of the phenomenon of synchronisation of housing cycles. Its intensity increased at the end of the 1990s, and one of the main causes for this increase was the introduction of a single European currency and the accompanying convergence of financial markets.
Introduction
The housing market is not only an important component of the national economy; it is also a fundamental element, necessary for a good functioning of households. The total expenditure on the housing sector in developed economies is estimated at 10-25% of GDP (Nykiel, 2008: 51) . In addition, residential properties are a major component of households' assets (their share in the total assets of households varies between 40-80%). The housing market is also strongly linked to complementary markets, including the construction market, the labour market and the financial market. Fluctuations in the activity of the housing market and cyclical changes in residential property prices have therefore real micro and macro consequences.
Housing cycles are primarily of local and national character. This results mainly from the specificity of real estate (primarily from its immobility), historical factors (which determine the ownership structure of the market and the level of satisfaction of the housing needs of citizens), economic conditions (defining the purchasing power of households in the housing market, the profitability of housing investment, the availability of resources and the cost of housing financing), as well as institutional conditions (defining the legal framework for the functioning of the market, the form and scope of public intervention, and market transparency). However, the processes of removal of barriers to trade, free movement of capital, the dynamic development of the financial sector, as well as the assimilation of patterns of consumption and investment processes observed under globalisation (Micał, 2008) , are the source of the housing cycle synchronisation phenomenon.
The purpose of this paper is to identify and characterise the cycles in housing markets in selected European economies and to assess the level of their synchronisation. The study covered the years 1971-2014. The Christiano-Fitzgerald band pass filter was used to identify the cyclical component of a time series, while the evaluation of interdependence and the degree of synchronisation of cycles was carried out with the use of correlation coefficients and concordance indices.
Housing markets cycles and determinants of their synchronisation
The housing market, similarly to other markets and the economy in general, is developing at a variable rate. Fluctuations of its activity, determined largely by economic conditions, create housing cycles. In traditional terms, the housing cycle is defined as "activity fluctuations of the market, measured by changes in residential property prices, the number of concluded transactions or the number of implemented residential projects expressed in absolute terms through the levels of the variable" (Lis, 2015: 38) . According to the modern interpretation, the housing cycle is characterised as "fluctuations in supply, demand, prices of real estate and resources around their long-term trends" (Kucharska-Stasiak, 2016: 100) .
The analysis of cyclical changes in the housing sector is a complex process. This is due to a lack of a universal indicator of the market situation. Residential property price indices, indices of rental rates, the number of purchase and sale transactions carried out in the market, or the number of implemented and completed residential projects are among the variables most commonly taken into account as a barometer of economic situation in the housing market in empirical research. Consequently, it is difficult to talk about one housing cycle, more often the existence of a set of cycles is indicated. It includes, among others, price and quantity cycles (identified based on the type of a variable taken into account as a barometer of economic situation in the housing market), or demand and supply cycles (identified on the basis of the processes which generate them).
The mechanism of formation of housing cycles and their course is also complex. This market, as any other, is influenced by market conditions. In this context, the main factors that induce fluctuations in the housing market are changes in household incomes, changes in interest rates and mortgage loans availability, as well as changes in the cost of housing construction (ECB, 2003: 23) . Demographic factors, including, among others, migrations or changes in the number and structure of households may also have a pro-cyclical impact on the housing market. Due to its socially significant functions, this market is furthermore subject to regulations and public intervention to a greater extent than it is the case with other markets. Changes within housing policies (especially if they are focused only on the demand side or supply side of the market) can be another source of cyclical changes in the housing market. An overview of the main theories and models explaining the mechanisms of cyclic development of the housing sector is included, among others, in the works of R. Barras (1994) , D. DiPasquale, W. Wheaton (1994) and P. Lis (2015) .
The special nature of the housing market (which is both a consumer and an investment market), and a wide spectrum of factors affecting its operation, mean that housing cycles "are not a simple representation of global economic cycles, and can be more violent and longer or forced and shorter. These differences are due to the forces within the real estate sector" (Kucharska-Stasiak, 2008: 42) .
Over the past 25 years significant changes in the course of housing cycles have been observed. Under the influence of liberalisation of capital flows and the growing scale of global direct as well as portfolio investments, national housing cycles have become increasingly synchronised. Some researchers even put forward the hypothesis of the presence of a global real estate cycle (Kucharska-Stasiak, 2016: 113) . Among the key factors initiating and enhancing the process of synchronisation of housing markets in international terms, the literature frequently mentions:
1. Globalisation. Phenomena accompanying the formation of the global market, such as faster spread of information and technology, liberalisation and deregulation of financial markets, increased trade, and an increased scale of international investment have a fundamental impact on the development path of housing markets (Sporek, 2015: 50) . Under the conditions of the global economy, also the transactions implemented in the real estate market become global. The former local and national housing market takes on the character of an international market (Kucharska-Stasiak, 2016). 2. The process of financialisation of the housing market. Since the 1980s, a gradual increase has been taking place in the role of the financial sector in the development of real estate market activity. This process takes various forms ranging from rising household debt driven by mortgage loans to rapid development and popularisation of financial instruments related to real estate. The expansion of real estate financial products such as investment certificates of real estate funds, mortgage backed-securities (MBS), and derivatives associated with the real estate market increase the availability and inflow of investment capital to housing markets. As a result of these changes, fluctuations in investment activity of markets and real estate prices exhibit increasing similarity (Gołębiowski, Szczepankowski, 2015: 200; Cagnina, 2009: 152) . 3. The spill-over effects of investment activity in real estate markets. The growing global free movement of capital investment entails the spread of processes taking place in the leading markets to other areas. The so-called import of investor sentiment is a special case of this phenomenon. It is associated with duplication of investment directions and investment decisions in the international dimension. These processes result in synchronisation of the growth and decline phases in investment markets (Frączek, Mazurkiewicz, 2013: 120) . 4. The growing importance of residential real estate as an investment asset. One of the important features of the residential real estate is its dual character. By ensuring housing services it is a consumer good, fundamental to every household, but it is also an investment good. Institutional and individual investors seeking alternative forms of capital allocation increasingly direct their attention also to housing markets. These trends have been confirmed by the experiences of the recent global economic crisis, as speculative housing investments were one of the main reasons of the crisis. The identification of factors that deepen convergence processes and synchronisation of European residential markets is not, however, unequivocal. Pomogajko and Voigtlander indicate primarily the convergence of business cycles and a common monetary policy as the sources of synchronisation of housing cycles (Pomogajko, Voigtlander, 2012) . Studies by Igan et al. emphasise the role of financial globalisation and synchronisation of financial markets in synchronisation of housing price cycles (Igan et al., 2010) . Vansteenkiste and Hiebert also confirm the occur-rence of moderate price spillover effect of house price shocks in European markets (Vansteenkiste, Hiebert, 2009 ). In addition, harmonisation of tax or social policies within the EU reinforces the tendency to form a common European housing cycle (Alvarez et al., 2010) .
3. The course and synchronisation of price cycles in European housing markets
Data and methodology
An analysis of the scale of synchronisation of housing cycles was carried out for six European economies: Belgium, France, Holland, Germany, Great Britain and Italy. These countries were among the first active participants in the history of European integration (within the framework of the European Coal and Steel Community, the European Economic Community, and the European Union in its present form). In addition, the countries under study, except Great Britain, have belonged to the euro zone since 1999, when it was established. The common currency and monetary policy are, according to the literature on the subject, one of the fundamental factors fostering the convergence of housing markets.
The price indices for residential property in national markets, obtained from the OECD database, were used as a barometer for the economic situation of the housing market and the basis for identifying cycles (price indices were taken into account in the logarithmised form). The study covered a period of 44 years with regard to quarterly data (see Table 1 ) Frequency filters were used as a basic tool for identifying price cycles. The purpose of these statistical econometric methods is to isolate the cyclic factor of specific frequency from the original time series. The use of filters is based on the assumption that time series are composed of the basic components, which include: 1) trend -reflects the tendency of the examined variable describing particular economic phenomenon to systematic changes over time (increase or decrease) (Gajda, 2004: 120) ; 2) cyclical fluctuations -variable fluctuations around the long-term trend caused primarily by the business cycle, repeated with relative regularity (Trojanek, 2008: 69) ; 3) seasonal fluctuations -these are regular changes in the variable value around the trend or average variable level, repeated from year to year in the same calendar periods (Dittman, 2004); 4) random fluctuations -irregular changes in the level of the variable representing the effect of unpredictable and incidental factors (e.g., war, natural disasters, or important political events) (Sobczyk, 2000: 316) . Using appropriate statistical methods it is possible to isolate the cyclical component of a time series. The first step in the research procedure is to remove seasonal and random fluctuations from the original data. The most popular methods for seasonal adjustment of a time series are X-12-ARIMA and TRAMO-SEATS (Grudkowska, Paśnicka, 2007) . In this paper, the TRAMO-SEATS procedure was used for seasonal adjustment of real estate price indices.
In the next stage, in order to isolate cyclical fluctuations in real estate prices, the Christiano-Fitzgerald (CF) filter was used. This filter is a band pass filter which removes the component of high and low frequency (random fluctuations and the trend) from a time series, thereby leaving the cyclic component. There are two basic variants of the CF filter: for a stationary series I (0) and a series integrated of order 1 I (1) (Ulrichs, Błażej, Jędrych, 2014: 12) . On the basis of the unit root test it was verified that all series of real estate price indices included in the study are integrated of order 1. Therefore, to isolate the cyclical factor the CF I (1) filter was applied, with the drift adjusting method taking into account the bandwidth of 12-40 quarters (the study assumed that price cycles are in the bandwidth of 3-10 years) (Adamowicz, Dudek, Pachucki, Walczyk, 2012: 12) .
The isolated price cycles were subjected to the dating procedure. Turning points in the course of cycles were identified using the Harding-Pagan algorithm. In the first stage of the procedure local minima and maxima were identified using two-sided 4-quarter windows:
The second stage verified alternation of local minima and maxima occurrence. When consecutive minima (maxima) took place one after another, a quarter with the lowest (highest) value of cyclical component was selected as the turning point in the course of the cycle (Bracke, 2011) . In addition, it was assumed that the minimum housing cycle length was 12 quarters, while the minimum length of a single cycle phase (upward or downward), was 6 quarters.
Two measures were used to assess the level of synchronisation of cycles: the correlation coefficient and concordance index. The correlation coefficient determines the strength of the interdependence of two cycles, taking into account the direction and dynamics of their course. The concordance index expresses the level of synchronisation between two cycles in the context of the compliance of their phases (compliance of turning points of cycles). Its value defines at which part of the examined time horizon the two cycles remained in the same phase (upward or downward). In the case of fully synchronised cycles, the concordance index assumes a value of 1, while for non-synchronised cycles, it assumes a value of 0. The concordance index is calculated based on the following formula (Akimov, Stevenson, Young, 2015 : 1665 -1682 consecutive minima (maxima) took place one after another, a quarter with the lowest (highes value of cyclical component was selected as the turning point in the course of the cycle (Brack 2011). In addition, it was assumed that the minimum housing cycle length was 12 quarters, whi the minimum length of a single cycle phase (upward or downward), was 6 quarters.
Two measures were used to assess the level of synchronisation of cycles: the correlatio coefficient and concordance index. The correlation coefficient determines the strength of th interdependence of two cycles, taking into account the direction and dynamics of their course. Th concordance index expresses the level of synchronisation between two cycles in the context of th compliance of their phases (compliance of turning points of cycles). Its value defines at which pa of the examined time horizon the two cycles remained in the same phase (upward or downward
In the case of fully synchronised cycles, the concordance index assumes a value of 1, while f non-synchronised cycles, it assumes a value of 0. The concordance index is calculated based o the following formula (Akimov, Stevenson, Young, 2015 : 1665 -1682 ):
where:
Sit -phase of the cycle in period t for the i market (assumes the value of 1 in the upward pha and 0 in the downward phase),
where: CI -concordance index, S it -phase of the cycle in period t for the i market (assumes the value of 1 in the upward phase and 0 in the downward phase), S jt -phase of the cycle in period t for the j market (assumes the value of 1 in the upward phase and 0 in the downward phase), T -number of periods of analysis.
Findings
The course of cycles in the selected European economies is presented in Figure 1 , and their basic characteristics are provided in Table 2 . From four to six full price cycles were identified in the examined economies. The average cycle length ranged from 23 to 34 quarters. The upward phases lasted on average one quarter longer than the downward phases, however, important differences in the course of particular housing cycles were noticeable.
The analysis of the correlation matrix (Table 3) indicates that the strongest positive correlation over the whole 44-year study period was exhibited by cycles in Great Britain and France (a correlation of 0.59) as well as in Great Britain and Germany (a correlation of 0.58). Strongly, although negatively were correlated housing cycles in Italy and the Netherlands (a correlation of -0.71), indicating their asynchronous course in these countries. 1971Q1  1973Q3  1976Q1  1978Q3  1981Q1  1983Q3  1986Q1  1988Q3  1991Q1  1993Q3  1996Q1  1998Q3  2001Q1  2003Q3  2006Q1  2008Q3  2011Q1 1971Q1  1973Q3  1976Q1  1978Q3  1981Q1  1983Q3  1986Q1  1988Q3  1991Q1  1993Q3  1996Q1  1998Q3  2001Q1  2003Q3  2006Q1  2008Q3  2011Q1 The strongest, in terms of compliance of cycle phases, were the synchronised housing cycles of Great Britain and France (throughout 73% of the analysed period, cycles remained in the same phase), France and Belgium, as well as Great Britain and Belgium (in both cases synchronisation throughout 68% of the analysed period). The lowest level of synchronisation measured by the concordance index was recorded for housing cycles in the Netherlands and Italy (synchronisation throughout 36% of the analysed period). The next part of the study involved an attempt to assess the time stability of both measures of synchronisation of cycles. First, it was examined whether the process of enhanced economic integration of European countries, manifested by the creation of a monetary union and a common currency in 1999, had an impact on the level of synchronisation of housing cycles. For this purpose, the time interval covered by the analysis was divided into two sub-periods of research: the period 1971-1998 (the period before the introduction of the common currency) and the period 1999-2014 (the period of the common European currency) (Alvarez et al., 2010) . Correlation coefficients and concordance indices were recalculated for national housing cycles in these two sub-periods, and then their arithmetic means were calculated. The results of the calculation procedure are shown in Figure 2 . concordance indices were recalculated for national housing cycles in these two sub-periods, and then their arithmetic means were calculated. The results of the calculation procedure are shown in The introduction of a common currency and monetary policy fostered the integration of financial markets of the EU countries, increased their liquidity, as well as the scale of direct and portfolio investments (Kachniewski, 2009: 194) . An increase in the synchronisation of housing cycles was an indirect effect of these processes. The average value of correlation coefficients for the years 1999-2014 was over two times higher, and that of concordance indices by 7 percentage points higher compared to the average values of these measures in the period before. The rate of change in total synchronisation of all isolated housing cycles was also analysed.
For this purpose the compliance of cycle phases was verified ( Figure 3 ) and arithmetic means for the correlation coefficients determined on the basis of 5-year rolling windows were estimated (Figure 4) (Gayer, 2007) . The introduction of a common currency and monetary policy fostered the integration of financial markets of the EU countries, increased their liquidity, as well as the scale of direct and portfolio investments (Kachniewski, 2009: 194) . An increase in the synchronisation of housing cycles was an indirect effect of these processes. The average value of correlation coefficients for the years 1999-2014 was over two times higher, and that of concordance indices by 7 percentage points higher compared to the average values of these measures in the period before.
The rate of change in total synchronisation of all isolated housing cycles was also analysed. For this purpose the compliance of cycle phases was verified (Fig-ure 3) and arithmetic means for the correlation coefficients determined on the basis of 5-year rolling windows were estimated (Figure 4) (Gayer, 2007) . 8 1973Q3 1977Q2 1981Q1 1984Q4 1988Q3 1992Q2 1996Q1 1999Q4 2003Q3 2007Q2 2011Q1 average pairwise correlation (5-year window) 5-year centered moving average Both measures confirm the general trend of increased level of synchronisation of housing cycles. In the years 1971-1998 the full compliance of phases of 6 housing cycles occurred only in 6 quarters (5.4% of observations), while for the years 1999-2014, there were 11 such quarters (17.2% of observations). The increase in the concurrency of cycles, however, did not proceed steadily. We can isolate periods with a lower level of their correlation (the years 1977-1988 and 1995-1997) and their stronger correlation (1989-1994 and 1998-2010) .
Summary
The importance of the housing market in the national economy and the diversity of functions it performs means that fluctuations in its activity have serious economic and social implications. Historically, housing cycles were primarily of local and national nature which manifested in their individual course and dynamics. However, processes of globalisation and enhanced economic integration have given an international nature to housing cycles.
The studies conducted for the six European economies have confirmed the occurrence of synchronisation of housing cycles. Its intensity increased at the end of the 1990s, mainly due to the introduction of a common European currency and the accompanying convergence of financial markets.
Despite the increasing level of the synchronisation of housing cycles it is still significantly lower than synchronisation of other markets or of general econom-ic cycles, which only confirms the fact that the course of housing cycles is still heavily influenced by socio-economic, legal and institutional determinants of national nature.
